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PAN AMERICAN WORLD AIRWAYS, INC., BOEING 377, N 9094k,
TN THE PACTFIC OC®AN, BETWEEN HONOLULU AND SAN FRANCISCO,
NOVFMBRR 9, 1957

The Aceident

Pan American Flight 7, a Boeing 377, N 90%4k, was lost in the Pacific
Ocean approximately mdway between San Francaisco, California, and Honolulu,
Territory of Hawaii, on November 9, 1957, at 1627 local tame. An extensive
sea and air search over thousands of square miles of ocean ensued, Bodies of
19 of the lli occupants were found as were small and light aircraft parts and

Cargo.,

Hastory of the Flight

Clipper 9ul,1/ a regularly schedvled arcund-the-world flight, originated
at San Francisco with its first stop scheduled at Honolulu. It departed San
Francisco at 19512/ on November B8 estimating arraval at Honmolulu at 0550,
November 9, There were 36 passengers and a c¢rew consisting of Captain Gordon
H. Brown, First Officer lliam P, Wygant, Second Officer William H, Forten-~
berry, Flight Engineer Albert F, Pinataro, Purser Oliver %, Crosthwaite,
Stewardesses Yvomne L, Alexander and Marie L, McGrath, and Flight Service
Supervisor John E, XKing.

The flight plan specified a cruising altitude of 10,000 feet and a true
airspeed of 226 knots, Gross weipght at departure was 147,000 pounds, the
maximum allowable, and the weight included fuel for apvoroximately 13 hours,
Good weather was forecast for the duration of the flight,

All required position reports were made and Clipper 9l reported to
Ocean Station vessel "November® at 0030; its position was fixed by radar as
10 miles east of the vessel. The last position report, at Ol0h, was routine
with no indication of anything unusual,

The next scheduled position report, due at 020L, was not received and
30 mmtes thereafter the flight was designated unreported,

_Z!._/_ Company designation of Flight 7, using the last three numerals of the
aircraft mmber,

2/ A1l times and dates herein are Greenwich unless otherw:ise noted and
are based on the 2li=hour clock; all distances are in nauticel miles,
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Inrestigation

Search and Rescue overations were imtiated immediately. Coast Cuard
surface vessels, air carrier aircraft, Air Force airersft, and the U. 5. Navy
aireraft carrier "Philippine Sea,™ using 1ts aaircraft, particaipated,

On Wovemwber 1, the fifth day of search, aircraft from the carrier lo=
cated bodies and parts of wreckage some FLO miles east of Honolulu and approx-
imately 90 miles north of the flight's intended track.3/ The next day addi-
tional bodies were recovered making a total of 19, Fourteen of these wore
1ifejackets. DBodies and material were taken aboard the carrier., Continuing
intense search was unproductive and was abandoned on the evening of November 15,

Meanwhile, 1nvestigating grouos had been formed under the direction of
the Civil Aeronautics Board, Two Board investigators, representatives of Pan
American World Airways and the CAA, and two pathologists of the Armed Forces
Institute of Pathology on loan to the Board, were flown to the carrier, then
at sea en route to Long Beach, California. This permitted initiation of the
investigation a full day before the carrier docked. The wreckage was briefly
examined by the medical members and investigators with the prospect of gaine
1ng some ingight of possible medical problems that might be encountered.
External examination of the bodies was made, carefully noting all external
injuries, There was no evidence of foul play found on any of the recovered
bodies., Tentative identification was established in those cases where possi=-
ble, All valuable personal items were inventoried and preserved under the
supervision of one of the ship's chaplains.

Prelimnary examination of the limated amount of material aboard the
aircraft carrier established that 1t was from N 9094}, All wreckage was
removed to a restricted area at the Pan American overhaul base at San Fran-
cisco where further examnation was made by Board investigators, Various
pieces were identified individually and relative to one another and a de-
tailed examination of the pleces was made,

The recovered materal consisted chiefly of fuselage secondary structure,
fuselape interior tram and equipment items, and numerous separate packets of
mail and mail bags. Only one prece of wreckage from parts of the aircraft
other than the fuselage was recovered; this was a section of engine cowl
support ring, which was found imbedded in a floating pillow, It could not be
determined from whaich powerplant this plece of ring came., Yo portions of the
main airframe structure were found. The recovered fuselage pieces were gen=-
erally from the area ahead of the rear pressure bulkhead. The pieces were
from both above and below the catan floorline, and a somewhat greater amount
of the material had come from the right side of the fuselage.

Some of the recovered pieces bore distinct evidence of fire damage.
However, it was determined that the fire dsmage on all pieces was on those
portions which floated above the water. No evidence of inflight fire was
found on any of the recovered fuselage material. Fire markings were fairly
um form over material from all positions in the fuselage, including mail and
cabin material, and each charred piece had a defimite waterline below whach

3/ See Attachment A, geographical positions.
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charring did not occur. Laboratory tests of the charred pieces disclosed no
evidence of prombited or explosive material,

Board investigators carefully examined the recovered debris for ewvadence
of an 1nflight explosion., This examinatlion included a2 thorough insvection of
recovered 1tems of cargo, passenger effects, and mail. No evidence of an ine
flight explosion an the fuselage was found.

Cargo manifests were examned to determine whether any explosive or
otherwise dangerous material was aboard, A shipment of sodium sulfide had
Been in the forward cargo compartment. 4 check with the shipper disclosed
that the packaging consisted of one pound in a sealed glass container and
one-fourth pound also in a sealed glass container padded from each other and
the shipping container, which was a wooden box 13 inches by 11 inches by
9 inches, It was further learned from the shipper that the material consisted
of crystalline sodium sulfide of the highest ACS (American Chemical Society)
grade of purity and was the only chemical compound shapped in the box. It
had been packaged in accordance with vrescribed regulations.

Scodium sulfide is a chemically reactive flammable solid., It 1s normally
shipped 1n airtight containers in a yellow crystalline form which even if
exposed to air would be safe to handle and to transport. Crystalline sodium
sulfide in contact with moisture would generate hydrogen sulfide gas, which
is toxic, at a slow detectable rate, The amount of hydrogen sulfide generated
would not be great or dangerous before 1ts very foul and characteristic odor
of rotten eggs would alert the crew to tazke emergency procedures - i, e., use
a smoke mask, and depressurize the aircraft and ventilate, This material is
rather widely used industraally and its shipment by air is not uncommon.

Mso included 1n the cargo was a package contaaning a small amount of
radiocactive medicine which had alse been packagzed in accordance with prescribed
regulations. It was reported to have been sealed in a Babbitt metal capsule
about one inch long contained in a hermetically sealed can. This can was
then placed in a cardboard carton which was identified by a label indicating
radiocactive material,

Nejther of these two shipments was recovered but there is no reason to
suspect that either one contributed to the accident. The remainder of the
ecargo consisted of routine mail, baggage, and express shipments which included
geversal barrels of tranqualizer and several shioments of movie Tilm of the
"Safety" type.

N 909kl was equipped with two complete high fregquemey radio transmtting
and receiving systems. The two systems were also equipped with SEICAL which
provides ground-to-2ir seslected calling, eliminating the need for continuous
piiot monitoring of the high frequency commumication egquipment of the air-
craft. The ground equipment generates pre-sst coded tones whicn are trans-
mitted on voice communicatrion frequency. On receipt of the particular tone
code the aireraft decoder activates the cockpait call chime and signal light,
This SFICAL phone 15 on the control pedestal between the pilots, readily
usable by both,

In addition to SFIC2L, the conventional equivment was available to the
crew by activating a toggle switch for either system, In erther system it is
necessary to depress the microphone button to transmit, Additionally, the



) -

aircraft had two separate very high frequency systems and two automatic diree-
tion finding receivers providing aural reception and radio bearings from the
stations 1n the low frequency and broadcast band,

Air-to=-surface and surface-~to-2ir communications on very high frequency
during takeoff and immediately following departure of Clipper 94)y on November 8
were routine and normml, These included clearances with the San Franciseco
tower, radar departure control, and CAA Air Route Traffic Control Center.

Upon reaching cruising altitude (10,000 feet) at 2009 Clipper 9Lk switched
over to company frequency and contacted ARINC (Aeronautical Radio, Ine.),
which handles all company surface-to-air communications for Pan American. 4
schedule was established for position reports from the flight at four mimutes
past each hour and an "operataons normal" report at 3L minutes past each hour.

2t 2105 Clipper 9Ll made its first routine position report, which indi-
cated the flight was proceeding as scheduled, Thereafter, Clipper 94l con-
tamied to report its progress as scheduled at l; and 3}, mimtes past the hour
through 1ts last position report of 29020'N, and 1)1035'W, at OlCh., Prier to
this position revort Clipper 9li); established radio commumcation at 0030 with
Ocean Station "™November®™ and two radar fixes were obtained by that vessel
which fixed the vosition of the aircraft as bearing 243 degrees true range
L3 miles from the vessel at 00h0, approxamately 10 mimites ahead of schedule,
At that time Ocean Station "November" was 29059'N, and 14008'W., Wath this
information it 15 probable that Clipper Shh's navigator estimated his posi-
tion, at 0104, as an average between his own estimate of his position and the
correction indicated by the radar fixes.

The Board considered it entirely possible that an emergency message
might have been sent from the flight after the 010l position report and that
such message might not have been heard. Pursuing this possibility the ARINC
record:ng tepes for the frequency in which such message would be recorded
were carefully examned., Init.ally nothing was apparent, Howerer, repeated
playbacks of the tapes of the period following the 010Lh position report dis-
closec previously unknown transmissions whick were extremely weak and subject
to varied and conflicting interpretataion,

Great effort was devoted to determining the content, or the intent, of
this transmission. Altogether, more than three months were devolted to this
work, using various oroven and experimental methods as well as the finest
equipment,

Another attempt to understand the message was made by Pan Mmerican World
Airwavs. A mumber of its supervisory flight and communications personnel,
accustomed to the abbreviated jargon of air radio communications as well as
havang had personal experience in previocusly talking with the crew members,
were unable to gain any significant intelligence from repested playbacks of
the recorded message. Despite this comprehensive research, the Board could
not definitely establish that any emergency transmissions came from Clipper Ohls

Board investigators obtained the identification of L)y other flights which
sere overating throuch the area of the last reported position of Clapper Lk
juring the period 2400 to 0200 on November 8.9, None of the crews of these
"lights had overheard any calls from Clipper 9Lh during this period on company
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or any other freguencies, nor did Ocezn Station "November" hear any emergency
message from Clipper 9Ll following 1ts last vosition report at 01Ok, (411
PAVA aircraft as well as those of certain other carriers, namely, Northwest
Airlines and United Air Lines, transmit and receive on common frequencies.)

When Clapper 94l failed to report at 013} and again at 020k, the next
routine reporting scheduled, both Honolulu, which then had flight guard re~
sponsibility, and San Francisco atiempted to contact the flight on all fre-
aguencies. All subsequent attempts to contact the flight were futile and
Search and Rescue was alerted at 023L; search was started immediately. Bodies
and debris located by aircraft of the . S. S. Philippine Sea were at 29936'X,,
144°3'W, The probable pornt of impact was near 29926'N,, and 143934'W, The
position was computed from known ocean current vectors published by the Hydro-
graphic Office, taking cognizance of reported winds, The position of lLat,
29026'N,, and Long. 14303L'W,, 1s approxamately 105 miles west of the last
reported position and about 300 off course to the right (north),

On the basis of surface ship reports (1ncluding Ocean Station vessel
"November®) and aircraft weather reports, it 1s apparent that the weather en
route was substantially as forecast, Clouds consisted of scattered to broken
cumulus and stratocurmulus based at 2,000 to 3,000 feet, tops 5,000 to 8,000
feet, with scattered to broken clouds above 12,000 feet. Tke overall wind
pattern coincided closely with the forecast.

There were no reports of turbulence, 1cing, laghtning, thunderstorm
activity, or precipitation of any kind.

The forecast lowest sea level pressure in the accadent zone (from 1L0°
to 1L50 west) was 1018 mbs.; actuval values ranged from 1020-1023 mbs,

The winds reported at Ocear Station "November" (averaring the 0000Z and
0600Z observations) were as follows:

2,000 feet: 250° at 8 knots
6,000 feet: 270° at 8 knots
10,000 feet: 2500 at 12 knots

The vasibility at Ocean Station "November™ at 0000Z and 0300Z was ree
ported as 10 naviical miles while the cloud conditirons were as follows:

0000Z ~ less than 1/10 cumulus based at 2,000 feet
2/10 stratocumlus based at li,500 feet
3/10 cirrus at an unspecified height (but
well above flight altitude)
03007 = 1/10 cumulus based at 2,000 feet
7/10 eirrus at an nnspecified hewght (but
well above flaght alttwde)

Ocean Station vessel "™November" alse reoorted the followincs with respect
to the state of the sea at 0000Z, November 9:

(a) waves comins from 3000
(b) vericd of waves: 11-13 seconds
(¢) mean maxamum hei~ht of waves: 8§ feet
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The air temperature at 10,000 feet in the area of the crash was approxi-
mately plus L centigrade.

Because of the limted amount of wreckage recovered, i1t became all the
more important to determine as much information as possible from the recove
ered bodies in order to arrive at a better understanding of the emergency that
had caused the accident., It was chiefly for this reason that the Poard enlisted
the aid of expert pathologists familiar wath aircraft accident fatalities to
assist 1n the development of all sigmficant information., Their examination
of the 19 bodies recovered disclosed that 10 had probably died from drowning.
Further, tre lack of extensive crash-induced mutilation, together with the
general condition of the bodies, sugpested that the water impact, although
severe, was not sufficiently great to cause complete disintegration of the
arreraft,

Life preservers were found on 1l bodies, two of them children. One eof
the recovered bodies, wearing a life preserver, was one of the stewardesses
who was gtill strapped by her safety belt to a seat.

Bruises and abrasions on the thaghs of the captain's and the purser's
bodies indicated that their seat belts also were fastened at the time of ime
pact, 8Similar indications were lacking on other bodies. The medical exami-
nation further disclosed that none of the bodies had been subjected to fire
before or after impact.

As part of the pathological examnation, a series of tests for toxe
material was conducted. Imitially these tests indicated elevated levels of
carbon monoxide in several of the recovered bodies. This preliminary finding
indicated (1) the need for further corrcborating tests, and (2) that a study
shouvld be undertaken to determine how high cencentrations of carbon monoxide
could have been present in the inhabited portions of the fuselage. To accom=-
plish the latter objective a Board imvestigating group made a detailed study
of the Boeing 377 systems to determimne possible malfunctions which could lead
to the generation of carbon monoxide, These were considered with probable
variations in the pattern of airflow throughout the fuselage. This study
disclosed that high levels of carbon monoxide could be generated and distrib=
uted unevenly throughout the fuselage 1n several ways., However, it was im-
possible to relate the elevation of carbon monoxide found in bodies with the
seating arrangement and, consequently, with the source of the carbon monoxide.

Medical tests have continued from the time of the accadent to the present
to verify the imtial findings relative to carbon monoxide concentrations in
certain of the bodies, These tests, conducted independently by different
federal agencies, verified the concentrations as found initially but raised
doubt as to the suitability of any test method because of the decomposed state
of the bodies, Additional studies are presently being performed which may
answer the question regarding reliability of carbon monoxide results in cases
of vost-morten decomposition, but as yet this question 1s unsolved,.

™ve recovered wrist watches were examined by a competent watch maker to
establish an approximate time of impact, Of these, two had been stopped by
impact at 26 and 27 mnutes past the hour, respectively, Two were automatic
winding, shockproof and waterproof, and one of these was still running, show=
ing the correct tame when recovered. The other was full of water and had



-7 -

stopped at 35 mimites past the hour. Since the "waterproof" case was intact
and showed no physical damage, it was concluded that it ran for some time
before being stopped by water seeping i1n, The remaining watech, which had a
nonwaterproof case, had stopped at 28 minutes past the hour and had water
inside. This was considered to be the probable cause of stoppage. Consider-
ing the waterproof integrity of the case of the watch showing 35 minutes past
the hour and eliminating the one still running, a probable time impact was
established as 27 mnutes past the hour, Since the aircraft had reported at
0104 and did not report, as scheduled, at Ol3k, the time of the crash is con-
cluded to have been 0127.

An inspection was made of all company maintenance records of N 9094k,
This included records of the aireraft structure, powerplants, and all acces-
sories, A detailed study of these records, which were adequate and in good
order, showed that all airworthiness directives had been complied with and
that no known discrepancies existed at the tame the aircraft was dispatched
cn this flight.

The aircraft, a Boeing 377, was mamufactured by the Boeing Airplane Com~
pany on August 19, 1949. Pan American acquired it on September 28, 1950, and
it had been operated in air carrier service since that dﬁ?e. Tt had been
progressively maintained and was currently certificated,

The aircraft was equipped with four Pratt & Whitney model L360B-6 engines.

Prcpellers i1nstalled on these engines were Hamilton Standard model

No. 3LE60-3L9, blade model T7015B-2, The propeller domes had incorporated the
recently developed speed sensitive piteh lock to minimize uncontrolled engine
overspeeds, The blades were solid alumimum, Al11 btlades and hubs of each
propeller had been overhavled and maintzined as complete units since new,
Records of the carrier's fleet of Boeing 377's 1n the Pacific-flaskz Davision
were examined and revealed that no propeller structural failures had occurred
since the adoption of this model propeller.5 None of the propellers on this
particular aircraft had been involved in any overspeeding incident, Each
engine was equipped with a General Flectric model CHLO turbosupercharger.
These provaided pressurized air for the cabin air conditioming system as well
as air for engine supercharging,

On September 19, 1957, when N 909hl was on a trip from Honolulu to San
Francisco, the crew heard a loud noise. It was described as similar to drop-
ping the navagation stool on the flight deck. The captain made a check of
the lower nose CO, bottles and the forward cargo compartment, accessible
through a floor hateh in the cockpit. The antennas were checked through the
octant and everything was found normsl. This incident was written up on the
flight engineer's log (Discrevancy Report) and, in addition, suspecting a
tire blowout, a tire check was requested by the captain prior to landing at

Progressive maintenance i1s a system whereby overhanls of aircraft
are divided into segments so that complete overhavl 1s not required at one
time,

5/ However, military services have experienced engine nose section dif=-
ficulties attributed to the use of the solid aluminum propeller which 18 con-
siderably heavier thar the model previously used.
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San Francisco, This was accomplished by extending the gear and requestaing a
visual check by tower persommel. WNo tire demage was observed and a normal
landang wss made,

Since this i1necident was wratten up as a dascrepancy, 1t required an in-
spection which was sicned off with the following action by a company inspec-
tor, "Inspected arrcraft and found no damage outside," Inasmvch as this in-
dicated no interior inspection of the aircraft, Board investigators further
questioned the company inspector who signed off the discrepancy. His state-
ment of action taken follows: "Inspected lower nose and forward cargo com-
partment, also exterior of alreraft. Found you could duplicate loud noise by
stepping hard on door between cockpat and cargo, Also loud hang could be
duplicated by dropping forward toilet lid. Wothing abnormal found. "

Two "hard"™ landings had been reported by crews on June L, 1957, and
October 3, 1957, respectively, Following the first, inspection of the air-
craft (N 9094L) by certificated mechamics included a vaisual inspection of ail
outer skins for wrinkles, fuel stains in cell areas, cracks or damage to land=-
ing gear, lowering of flaps and insovection of flap area and landing flaps
themselves, No visible damage was found. One i1tem in the inspection required
in the manual, namely, removal of a surface cover for inspection of the wing
spar webs, was omitted; however, the mechanics who performed the inspection
were satisfied that there was no damage to the aircraft and accordingly ®signed
of f* the inspection form, The second hard landing was followed by an inspec=-
tion which was reported verbally by the inspecting mechanic, to the captain
of the flaght, as complete. This verbal report was accepted by the capiain
since in his opinion the landing was not sufficiently hard to warrant a written
report.

N 9094L had made 41 flights during the period September 19 to November 8,
1957, the date of Clipper Shli's departure from San Francisco., The pilots on
these flights were questioned regarding any umisuval noises, turbulence encoun-
tered in flipht, hard landing, or any other sigmificant occurrences, which
were not made a matter of record., Nothing was reported that shed any light
on the accident.

The last preflight inspection was started on November 6, 1957, and con=-
tinued until the date of departure, November 8, 1957. All items required had
been checked and signed off by appropriate maintenance personnel,

During the course of the investigation, and in view of the carcumstances
of the disappearance of the aircraft and the absence of living witnesses or
crew members, an extensive investigetion of personal activities and backgrounds
of crew, nassengers, and company ground personnel of the San Francisco base of
PAWA was made by CAR and other govermmental agency personnel. This investiga-
tion included personal interviews with all personnel who might have had access
to the aircraft for any reason while the aircraft was on the ground on its
last stopover at San Francisco from November 6, 1957, to November 8, 1957, and
involved some 98 persons. This phase of the investipation disclosed that the
aircraft received normal preparation for the flight and disclosed nothing
relative to the character or behavior of any person that might point to sabo-
tage in connection with the loss of the aireraft,
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Subsequent to the public hearing, the Board conducted an investigation
of specific maintenance and overhaul practices and occurrences at the carri-
er's San Francisco base., The purpose of thhs investigation was to obtain
information by which maintenance adeguacy of the carrier's Boeing 377 aircraft
and powerplants could be evaluated; consequently, a part of the investigation
related directly to these aircraft,

A mmber of irregularities in maintenance procedures and/or practices
were noted, However, because the airplane was lost at sea with no message
giving any clue as to the nature of the emergency and because there was no
direct application of these irrepularities to 9hlL, 1t is obviously impossitle
to associate them wath, or disassociate them from, the aceident.

The subjects of emergency procedures, and crew training and competency
therein, were investigated, It was established that the company's emergency
training curricula, including ditching, fire fighting and smoke evacuation
procedures, were adequate and that all crew members of N 5094k had success-
fully completed the required traiming.

Analysis

It is obvious from the investigation portion of this report that an
analysis to arrive at the probable cause of the aceident is seriously handi-
capped by the scarcity of physical evidence, However, the following seems

logical,

If 2 large-scale fire had occurred in the cabin, cockpit, baggage com=-
partment, or lounge area, some evidence of such fire would most probable be
present 1n the recovered pieces. Since none was found, 1t is reasonable to
conclude that a large-scale fire did not occur in any of these areas. There
was no physical evidence to indicate the occurrence of a powerplant or local-
ized fuselape fire nor was there any evidence to indiecate that there was no
such fire, Although a powerplant or localized fuselage fire would not immedi-
ately destroy the structural integrity of the aircraft, both the indicated
lack of directional control and absence of any distress message could well be
associated with this kind of emergency. Such fire could generate considerable
guantities of smoke which might present serious difficulties to the crew.
However, equipment 1is provided to combat such an emergency and the crew is
trained in its use., Fire damape that was observed on the floating debris was
confined to those surfaces which were above the waterline, Obviously, this
damage could have been caused only by a surface fire following impact.

Clipper 9Lk made five routine hourly position reports after 1ts departure
from San Francisco, the last one 21 minutes prior to impact with the water,
After the last routine position transmission, the aircraft descended from
10,000 feet going away from Ocean Station "November® which it had passed some

35 mnutes before.

As has been stated, the location of impact was computed to be in the vi-
cinity of latitude 29926!N, and longitude 14303L'W, This 1s approximately
305 miles west of the last position established for the aircraft and about
300 off course to the right or north. Lack of knowledge of both the time and
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t impossible to determine by
start of descent and precise impact point makes 1
analytical means, or otherwise, the airspeed or the descent rate existing

during the descent.

A fairly flat angle of impact is indicated by the nature of damage to
the recovereg materia.% s its location within the aarcraft, and I_)y the lack of
severe mutilation of bodies. The part of the aircraft from which the recov—
ered wreckage came indicated breakage of the fuselage at about the same loca-
tions as has occurred on previous survivable ditchings of the same model air-
craft, These circumstances suggest a nearly survivable ditching may have been
accomplished. From this it would logically follow that some control may have
been availlable at the time of water impact., Exercise of such control would
tend to rule out crew incapacitation, However, two pertinent conclusions re-
gerding the final portion of the flight are evadent. Consideration of the
distance flown from the last reported position to the impact point, and of
the time required to traverse that distance shows that the flight did not
turn back toward Ocean Station "November," Also, the ditching to the morih
of the planned route indicates that appreciable lateral distance, not on
course and away from the ocean station, was traversed after the start of the

emergency.

It is difficult to understand why the captain would have elected to con-
tinue away from "November™ had he been able to do otherwise. Weather was not
a factor and it is not believed that the shipping lanes to the north offered
any inducement to turn in that direction. Conversely "November," a fixed
ocean station equipped with radio homing and radar devices and rescue equip-
ment, was in close proximity with trained personnel readily available,

The condition of the sea at the time and place of the ditching is not
kmown precisely, but it should not have been appreciably different from that
existing at the weather vessel 105 miles to the east, That vessel's official
observation at 0000, one hour and 27 mimites before the ditching, included:
waves from 3000 at a frequency of 11 = 13 seconds with a mean maximm height
of 8 feet, Surface winds were southwest 11 knots. These conditions would
produce a usable sea surface for ditching. One airline captain en route near
the place and close to the time of the ditching stated that seldom had he
seen the sea conditions more favorable for ditehing. Due consideration of &ll
these factors leads to the belief that either loss of directional control or
crew lncapacitation was the possible cause of the aircraft proceeding away
from PNovember™ after the start of the emergency,

There is a record of previous emergencies involving Boeing 377 aireraft
which were accompanied by serious directionsl control difficulties, Emergen=
cies referred to, except one, followed complete separation of a powerplant
from the aircraft. The one exception occurred following takeoff with the
cowl flaps fully open. Common to all of these occurrences was heavy buffeting
in flight and 1n the case of powerplant separation, great difficulty in siml-
taneously maintaining altitude and directional control. Such occurrences bear
& striking resemblance to what appears very likely to have occurred to 9l

Buffeting, which can be sufficiently violent as to cause concern for the
structural integrity of the aircraft, is most likely caused by disrupted sir-
flow over the empennage. Disrupted air flow, in turn, usually results from
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gome occurrence which disturbs the smooth outer shell of the aireraft, such
as an object passing through the fuselage; an explosion in an engine nacelle,
wing leading edge, or the fuselage; Or an engine being wrenched from the air-
egraft, A fuselage explosion has besen discounted, Though not indicated fac-
tually or historically in any manner with respect to the vropellers in use,
failure of a propeller blade or vortion thereof, or separation of an entire
propeller by engine failure or nacelle explosion either from explosive fumes
or turbosupercharger failure, are the most likely cause of the kind of damage
being considered. These possibilities and their consequences are also sug-
gestive of what may have happened to N 909hlL,

Lack of any known message from the aircraft after start of the emergency
may be related to fuselage external and/or internal damage which broke anten
nas and/or caused major damage to the electrical distribution system., In
view of conclusions elsewhere in the analysis, crew incapacitation 1s a defie
nite possibility.

Since pathological study indicated the possibility of carbon monoxide in
the cabin prior to impact, the most likely sources thereof must be considered.
CO is generated in most anmy type of 2 fire (electricsl, combustible fluids
and solids) or by the thermal decomposition of many substances. A large fire
within the fuselage is not compatible with the condition of the recovered
wreckage so a2 smouldering fire would appear to be more likely. Such a fire
would cause considerable smoke in the cabin, in addition to the carbon monox=
ide, and contribute to the off-course location of the crash but should have
been controlled by the emergency fire fighting equipment carried on board un-
less the fire had ignited some material like nitrate film, Such a fire should
not have c¢reated the need for an immediate ditching unless the smoke accompany-
ing it was excessive and irritating and the fire was uncontrollable,

A more probable source of CO would be an unusual occurrence in a power
package which could have initiated a chain of events leading to the introduc-
tion of carbon monoxide into the fuselage, Such an umsual occurrence could
be a failure which would release part of a propeller blade or the entire pro-
peller, or a failed turbosupercharger disk, 7Tt is likely that such an occure
rence would be accompamied by serious flight control provlems and possibly
fire, If a propelled object, such as a propeller, came through the fuselage
it could easily start a fire, knock out some radio emipment, make emergency
smoke evacvation procedures ineffective, and destroy the crew's emergency
oxygen supply. Such an occurrence fits the known circumstances better than
any of the other possibilities,

B third type of CO source which also fits most of the known circumstances
is the malicious introduction of pure CO into the cabin and preferably the
flight deck., CO unaccompanied by smoke would not be recognized by the crew
and occupants and symptomatic quantities could be absorbed by the crew before
they realized it., Under these circumstences complete incapacitation of the
crew would result and the aircraft could have been flown into the water,

Several techniques have been used in the past to make quantitatave de-
termination of carbon monoxide 1n bodies of accident victims. Becavse of the
viclence associated with certain types of aircraft accadents the applicability
of the results of some technigues and methods had been sub-ect to questiocn.
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The results were even more guestionable when the bodies had passed through
:Ertain stages of putrefactgon. Since the beginning of the Board's investi-
gation of this accident the Armed Forces Institute of Pathology has devoted
eonsiderable time to verifying the suitability of the various testing mgethods
available, Further, and more important, a new techni que was evolved which
adapted the use of gas chromotography to the determination of carbon monoxida
levels in the blood of accident victins, Thas new technique was demonstrated
to be both specifi. and applicable for use on the bodies which were not ex-
posed to advanced post-morten decomposition.

In a recent Navy accident, which involved multiple casualties and similar
exposure to warm sea water, two of the eight immediately lethal fatalities
demonstrated elevated CO values. In that accident there was no inflight fire,
but a post-impact surface fire did occur., This casts some doubt on the nearly
established conclusion that carbon monoxide 18 not a byproduct of advanced
staces of post-mortem decomposition, This question may take a considerable
amount of time to resolve, The Board's report 1s being released, nevertheless,
in the absence of 2 satisfactorily established cause.

The Board is deeply indebted to the Armed Forces Institute of Pathology
for its valuable assistance in the investigation of this accident and its ree
search which contimies and has already made a significant contribution to the
field of aviation medicine and airplane accident investigation.

The maintenance history of 9kly, as obtained from the records, was, in
the mein, normal and there was nothing that could be related directly to the
accident, However, in view of the incomplete hard-landing check at San Fran=-
cisco, and the somewhat cursory check following the report of a "loud noise"
in flight, also at San Francisco, maintenance and the alrworthiness of the
aireraft cannot be accepted as being normal in all respects.

The omission of the main spar inspection during the hard-landing check
eliminated an important and what is probably the most onerous and time~con=-
suming step of the procedure. This omission 15 considered to be significant
and indicates that in this instance at least expediency rather than thorough-
ness prevalled. It can only be concluded that the "loud-noise™ check was at
best cursory. The Board's investigation of specific maintenance practices at
San Francisco established these practices as not being entirely isolated cases.
However, the Board did find at the time of this investigation that the carrier
was in the process of reviewing and, where necessary, revasing their mainten=-
ence marmal and orocedvres. This effort also included a realignment of some
personnel assigmments and responsibilities, Furthermore, the results of majin-
tenance 1nvestigation were called to the attention of the CAA, by memorandum
dated March 19, 1958, wath a recormendation that PAWA maintenance practices
be reassessed. The CAA has advised that suitable corrective measures have
been teken,

There was no evidence of a bomb-type explosion wathin the fuselage., Had
a large-scale bomb explosion occurred in the fuselage (cabln, cockpit, baggage
compartments, and/or lounge), evidence of this would undoubtedly have been
found on some of the recovered wreckage material as well as on the bodies.
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Findings
On the basis of all available evidence the Board finds that:
1. The crew, aircraft, and carrier were currently certificated.
2, The flight was properly vlanned and dispatched,

3. The gross weight of the aircraft at the time of takeoff was
147,000 pounds, the maximum allowable.

i, Progress of the flight and position reports were normal and routine
for more than half of the planned flight distance,

5. Shortly after the last routine report an emergency of undetermined
nature occurred,

6. This was followed by a descent from 10,000 feet,

7. No emergency message was received from the aircraft.
8. Some preparation for ditching was accomplished,

9, The aircraft broke up on impact,
10, A surface fire then occurred.
11. Weather was not a factor.

1?2, Fxposure of the erew to carbon monoxide was indicated but incapaci-
tation could not be definitely established,

13. VNo evidence of foul play or sabotage was found.

1}, Irrepularities of maintenance practices and/or procedures disclosed
during the investigation could not be linked to the accident.

Probable Cause

The Board has insufficient tangible evidence at this time to determine
the cause of the accident. Purther research and investigation is in process
concerning the sigmificance of evidence of carbon monoxide in body tissue of
the airecraft occupants,

BY THR CIVIL AFRONATTICS ROARD:

/s/ JAMES R. DURFEE

/s/ CHAN GURNEY

/s/ HARMAR D. DFNNY

/s/ . JOSEPH MINETTI

/s/ 1OUIS J. HECTOR
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Investigation and Hearing

The Cavil Aeronauties Board was notified of the unreported aircraft at
approximately 0200, November 9, 1957, An investigation was immediately
initiated in accordance wath the provasions of Section 702 (a) (2) of the
Civil Aeronautics Act of 1938, as amended. A hearing, ordered by the Board,
was held in San Francaisco, Califorma, on January 15 and 16, 1958,

Air Carrier

Pan American World Airways, Inc., 1s a New York corporation with its
main offices in New York, Heasdquarters for the Pacific-Alaska Dhvision are
at San Francisco International Airpert, The corporation operates 2s an air
carrier under a certificate of public convenience and necessity issued by the
Civil Aeronautics Board and an air carrier operating certificate issued by
the Civil Aeronauvtics Admimstration, These certificates authorize the car-
mer to engage 1n air transportation between various points i1n the United
States and foreign countmes, including the route involved in this instance.

Flight Personnel

Captain Gordon H, Brown, in command of Clapper $Ll, was L0 years of age
and had been employed by Pan American saince May 1, 1942, His record shows
that he had been progressively advanced within the company and during has
15 years of exverience he had made many over-ocean flights, Of his total
flight time of 11,314:55 hours, he had accumulated 674:50 hours in Boeing 377
aircraft. Captain Brown was based at San Francisco and had been flying the
Pan American Pacific-Alaska Division since November 28, 1956, Company records
show that all required airmman certificates and ratings on the Boeing 377 were
currently effectave on the day of the accident. In addation, he had satisfac-
torily completed all PAWA ground training requirements, including periodic
pilot refresher emergency equipment on the B-377 and wet-ditching drill on
August 2, 1957, He had had a rest period of approxamately 11 days. Captain
Brown held a class one medical certificate dated May 1, 1957,

First Officer William P, Wyzant was 37 years of age and had been employed
by Pan Americen World Airways since September 2L, 1946. He had a total of
7,355:57 flying hours, of whict l,018:58 had been 1n B-377 aircraft. He was
currently certirficated by the CAS and had also completed all special courses
including emergency equipment in the B=377 and the wet-dmll for ditching.

Second Officer William H, Fortenberry, pilot-navigator for Clipper %L,
had been employed by PAYA since Avgust 27, 1951, He had a total of 2,683:10
hours, of which 1,552 were in the B-377. All of Mr, Fortenberry's certifi-
cates and ratings were currently effective and he had haa a rest period of
over 19 days orior to his departure on November 8. ILike both captain and
first officer, he had satisfactorily completed all requared reguvlar and special
courses, including emergency and ditching courses,

Flight Engineer Albert F, Pinataro, age 26, had been with PAWA since
July 11, 1955, Prior to employment with the company he had completed an air-
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eraft maintenance course (9 months) at Glendale, Califormia, Junior College
and an asircraft and engine course (9 months) at Los Angeles City Aircraft
School, CAM certiTicates and ratings were currently effective and included
those of flight enrineer, aircraft and engine, aircraft and engine instruments,
and radio telephone, His total flaight time was 1,596:21 hours, all in Boe-
ang 377 aarcraft. Fngaineer Pinataro had 160 hours rest period praior to has
dvty assitnment on Clipper %Ll on November 8,

Cabin attendants assigned to the crew complement consisted of John F,
Kinz, Flight service supervisor; Olaver E, Crosthwaite, purser; Marme I,
Mehrath and Yvorne L. Alexander, stewardesses, All of these nersonnel had
been employed by PA'A for several years and an examination of company records
shiowed all of ther bad comoleted company training courses in R-377 emerpency
equiement and ditching procedures,

The Aireraft

N 909Ll, 2 Boeing model 377, serial number 15960, was owned and operated
by Pan Ameracan World Airways and was currently certificated by the Giwval
Aeronautics Admimstration., The aircraft had accumulated 23,690:58 flyang
hours, It was equipved with four Pratt ard Whitney RLi360-Ri6 enrines, “o, 1
engine had a total time of 13,80L hours, and 282 hours since overnaul; No, 2
engine & total of 16,317 hours, and 1,208 hours since overhaul; No. 3 engine
a total of 16,961 hours, and 1,249 hours since overhaul; and No. I enzine a
total of 13,159 hours, and 153 hours since overhaul. The aircraft, engines,
and propellers had been maintained as orescribed and were within their time
l1imitations.
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